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Animals that spend their lives on pastures must receive from the herbage all the essential nutrients they require for growth and reproduction. The utilization of the proteins and carbohydrates of grass has already been discussed (Synge, I 952 ; Percival, 1952) , and it now remains to examine the utilization of minerals and vitamins. At the same time, however, the presence of toxic factors in grass and the nutritional hazards which beset the grazing animal must be considered.
Before the adequacy of grasses and clovers in terms of mineral and vitamin content can be assessed, some approximate idea of the requirements of farm livestock for these entities must be obtained. In this respect recommended dietary allowances (Guilbert & Loosli, 1949 may not provide an adequate assessment, since such requirements of minerals and vitamins tend to be overestimates and include large margins of safety. Minimum requirements (Mitchell & McClure, 1g37) , expressed as percentages of the dry matter of the ration, should give an indication of the lower limits which are permissible in the composition of the diet. A pasture or grass containing less than this quantity can then be judged to be deficient. This does not mean that deficiency symptoms in their classical sense will arise on such pasture. Animals have considerable abilities to adapt themselves to suboptimal nutrition. These adaptive processes, however, inevitably involve slight declines in growth rate, milk yield, egg production and reproductive performance.
High rates of growth and production not only entail higher requirements per head of stock, but higher concentrations of most nutrients in the dietary dry matter. Thus to produce one egg a day the hen requires 3 yo calcium in her diet whereas to produce none she requires only one-tenth this amount. Similarly, the mature cow requires as an absolute minimum 0.17 % phosphorus in her diet if she produces no milk and is not pregnant. She requires half as much again to produce 3 gal. milk a day, and almost double this quantity when lactating during the terminal phases of pregnancy. * Requirements depend on the rate of growth and of milk and egg production, but the values quoted do allow for high levels of production. The values for growing animals do not apply to the very young suckling when they approach I % of the dry matter for Ca and 0.6 % for P.
t T h e food intakes of animals of different species in terms of dietary dry matter were taken from Guilbert & Loosli (1949 . The Ca and P requirements are essentially those calculated by Mitchell & McClure (1937) and reviewed and amended by Mitchell (1947) . They agree very well with experimental observations made with rations containing minimal quantities of Ca and P. Thus, minimal P requirements have been assessed from feeding experiments with cattle to be more than 0.13 and less than 0.26 yo of the dry matter of the ration (Henderson & Weakley, 1930; Reed & Huffman, 1930) . In general, the lower limits of Ca and P requirements have been taken. The copper and cobalt requirements are based on the data assembled and reviewed by Russell (1944) . The manganese requirement derives from studies of Lyons (1939) and of Gutowska & Parkhurst (1942) . No data on the requirement of cattle or sheep are available. Vitamin A requirements are based on a requirement of 25-30pg P:carotene/kg body-weight (Guilbert, Howell & Hart, 1940) together with data on food intake.
Vitamin D requirements were recalculated from the data of Guilbert & Loosli (1951) (1950) . Since the animal requires most minor elements and B-complex vitamins to furnish part or all of the prosthetic groups of enzymes or to activate enzymic processes involved in the metabolism of dietary energy and protein it is logical to refer requirements for these nutrients to the quantity of food ingested rather than to body size or function. This step greatly facilitates the appraisal of dietaries. The generalization of the requirements of individual species has been made in such a way as to avoid possible malnutrition of one species. Thus, with respect to Ca and P, as shown in Table I , the horse has the highest minimal requirement of the three herbivora listed. These values for the horse have been taken as minimal requirements for herbivorous livestock, since their use as a criterion of adequacy then allows for a full utilization of a pasture or dietary regimen by all herbivorous species. Table 2 . Approximate minimal requirements of essential nutrients for herbivora and for pigs and poultry, expressed in relation to the dry matter ingested. The requirements for high levels of egg and milk production may not be adequately covered" 
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Except for the hen, Ca requirements may be placed at not less than 0.3 yo of the dry matter of the ration and P requirements at not less than 0.25 %. These figures are only rough approximations. They do not take into account the high requirement of the very young animal. The cow or ewe, however, will provide milk containing up to 1.5 % Ca and 1-4 yo P in the dry matter to meet this requirement of the suckling. The requirement of the pig for very rapid growth is higher than the minimum listed, and so we can perhaps pool pigs and poultry with requirements approximately double those of herbivora . Similar tabulations have been made for other nutrient requirements using what scanty information is available in the literature, and generalizations regarding requirements of herbivora and of pigs and poultry have again been made; Table 2 summarizes what may be taken as lower approximate limits for the essential nutrients that grass should provide. Some entries in the table need explanation. The carotene requirement of an animal is directly in proportion to body-weight and is approximately 30 pglkg body-weight (Guilbert et al. 1g40), whereas food capacity tends to be proportionate to surface area. The requirements of small animals for carotene are therefore smaller per unit of food than those of large animals. Similarly, the requirements for the vitamin B complex are, broadly speaking, proportional to the non-fat calories metabolized, and the minimal requirements given are based not only on experimental results with pigs and poultry but also on trials with rats, dogs and man.
Minimal requirements
Calcium and phosphorus. With these base-lines of minimal requirement established, we can now examine pastures and individual species. on the Ca and P content of herbage from different areas. The table shows the superiority of clovers over grasses as sources of Ca and P, as well as the value of certain so-called herbs. It also emphasizes the inadequacy of the poor moorland plants of highland grazings. Some pastures listed are high-quality pastures and their composition is quite adequate. Such limited figures do not, however, give the entire picture. The Ca and P content of herbage varies markedly during the growing season, Ca tending to accumulate and P to decline. Fertilizer application can increase both the Ca and P content of herbage, more on poor soils than on good ones, whereas drought, flooding and those differences in management that affect growth stages and botanical composition all influence the composition to a considerable extent. On occasions even a good pasture may show low values for both P and Ca, but it is very doubtful whether these short-term changes in Ca and P supply to the animal have much effect on productivity. The remaining pastures listed are all grossly deficient ones on which recognizable maladies of livestock occur. Aphosphorosis, which occurs when the P content falls below about 0.18 yo, is recognized in almost every country of the world and many hundreds of thousands of square miles of grazing for cattle and sheep are affected. The loin disease of Texas, 'lamsiekte' and 'styfsiekte' of South Africa, 'bog lameness' of Ireland, the 'creeps' and 'cripples' of Australia and the 'slikkesyken' of Norway are all now known to be the result of P deficiency of the native pastures. These are nutritional diseases in the classical sense that they produce a well-recognized syndrome. There may too be even greater areas in which the highest levels of animal production are not attained owing to partial deficiency of P. Copper. It is not possible in the space available to deal with all the minor-element deficiencies that occur in native pastures, or with the suspected deficiencies due to so-called mineral imbalances, such as excessive potassium content in relation to sodium content. The Cu content of herbage has been selected to show briefly the many difficulties involved in the interpretation of analytical results from herbage. Table 4 summarizes some analytical data for pasture herbage. I t will be noted that diseases that are cured by giving Cu to the affected animal occur on pastures which differ very widely in Cu content. Only in the areas of Australia where swayback is endemic does the Cu content of the herbage fall below the estimated minimal requirement. On many pastures in Britain these Cu-deficiency diseases occur; animals show low levels of Cu in blood and liver; they respond dramatically to Cu therapy, and yet no differences in Cu content can be found between the herbage they graze and the herbage of fields on which the disease is unknown. Many reasons have been suggested for this paradox, interference with the normal Cu metabolism of the ruminant by traces of lead, zinc or molybdenum having attracted most attention. Despite considerable work, however, no explanation has yet been found. Fat-soluble vitamins. Vitamin D supply from pasture has already been mentioned. The grazing animal of course receives most of its protection against rickets from sunlight. In herbage crops it appears that it is largely the small dead areas of the leaf which contain vitamin D, presumably as a result of irradiation. From the scanty analyses available the vitamin D content of the pasture plants does, however, appear to be highly variable.
The enormous quantities of p-carotene present in grass are nearly always sufficient to meet requirements. Early young grass contains 300-400 times as much carotene as the animal requires, and, though the carotene content falls rapidly with advance of season, it remains above requirement. Field deficiencies do occur, however, where animals are maintained on very poor, mature, dry, bleached ranges or where such fodder is supplemented with cereals and oilcakes with very low vitamin A activity (Hart & Guilbert, 1933) . Drought markedly reduces the vitamin A activity of pasture, and under such conditions vitamin A deficiency will occur (Gunn, 1942). The weather in this country precludes such deficiencies on natural pastures.
The vitamin E content of pasture grasses is quite high, but nevertheless deficiency syndromes in young lambs and young calves have been recorded. These respond to shown in the table). Grass does, however, tend to be low in aneurin. As far as ruminant animals are concerned this may be of some importance, since the evidence for the synthesis of adequate amounts of this vitamin is by no means unimpeachable (Kon & Porter, 1947-8) . There is evidence too (Wegner, Booth, Elvehjem & Hart, 1940 ) that the level of vitamin B, has a decided influence on the rate of synthesis in the rumen of other members of the B complex. In this respect a disease of young cattle characterized by ataxia and abnormalities of heart action has been shown to respond to vitamin B, therapy in Norway (Dynna & Thune, 1941). How far the 'stravelsjuka' of cattle in Sweden is partly the result of a secondary vitamin B-complex deficiency is not known (Hoflund & Hedstrom, 1949) . Vitamin C has not been included in this study, since it is probably not required in the diet of domesticated animals. The content in fresh young grass is extremely high (Booth, 1942) . The number of plants poisonous to livestock is legion. In this country deaths occur every year as the result of the ingestion of bracken, ragwort, water dropwort, horsetails, hemlock and other plants. In other countries single species may cause wholesale outbreaks of poisoning. This is true of the 'geeldikkop' of the Karroo which is due to photosensitization by Tribulus and other plants (Quin, 1948) and of similar photosensitizing diseases which occur when species of Hypericum are ingested (Dodd, 1920; Seddon & Belschner, 1927-8). In Australia the presence of oestrogens in subterranean clover is sufficient to cause abortion in ewes and sexual abnormalities in castrated male sheep (Bennetts, 1947). In this country similar oestrogens have been found in pasture herbage (Bartlett, Folley, Rowland, Curnow & Simpson, 1948) and one case of comparable defects in sheep has been observed (Stamp, 1951) .
Conclusions
The full conversion of the herbage of many grazings to food for man is limited. Limitations in the utilization of the proteins, fats and carbohydrates of the herbage arise primarily from mineral deficiencies of soil and pasture; to a very minor extent from vitamin deficiencies of the herbage and to an unknown extent from the presence of toxic elements and organic compounds in the herbage. Deficient pastures may support livestock at low levels of productivity; the removal or neutralization of those limiting factors at present known could, however, result in great increases in the total production of human food.
